The haemodynamic effects of epidural block, administered before or after general anaesthesia, were investigated in twelve healthy women scheduled for elective gynaecological surgery. The effects of 10° head down tilt and administration of atropine 0.6 mg intravenously were also determined. Haemodynamic measurements included systolic (SAP), diastoUc (DAP) and mean (MAP) arterial pressure, heart rate (HR), cardiac output (CO) and systemic vascular resistance (SVR). In those receiving general anaesthesia first (Group A) (thiopentone/suxamethonium/N 2 0/0 2 ) significant changes occurred only at the time when epidural block and general anaesthesia were both present: SAP, DAP and MAP (-22%, p < 0.001) were reduced compared to awake control values, however changes in HR, CO and SVR were not significant. In those receiving epidural block first (Group B) (1.5 % lignocaine, mean dose 270 mg), MAP was reduced by 20% (p < 0.01) from awake control values after epidural block and there was a further reduction to 35% below control (p < 0.001) when general anaesthesia was induced. These changes were accompanied by a significant reduction in SVR.
INTRODUCTION
For many years a commonly used anaesthetic technique for lower abdominal surgery has been the combination of epidural anaesthesia with light general anaesthesia (Scott 1975) . Several investigators have described the cardiovascular effects of epidural anaesthesia alone (Bromage 1975 , Bromage 1969 , Stanton-Hicks 1975 , Sjogren and Wright 1972a , Shimosato 1974 , Kennedy et al. 1969 , however few comprehensive studies of the cardiovascular effects of the combination of epidural block and light general anaesthesia have been performed (Stephen et al. 1969 , Scott 1977 . Some anaesthetists institute epidural anaesthesia before inducing general anaesthesia while others employ the reverse sequence. There is considerable anecdotal, but little objective, evidence to suggest that the induction of general anaesthesia during established lumbar epidural anaesthesia has dangerous haemodynamic consequences. As it is more pleasant for the patient and may be more convenient for the anaesthetist if the epidural is performed while the patient is unconscious, this study was carried out to determine whether the sequence of induction of combined lumbar epidural and lig:ht general anaesthesia caused any significant differences in cardiovascular function in healthy patients. In addition, the effects of a 10° head down tilt and intravenous atropine were studied in the presence of combined epidural and general anaesthesia. METHODS Twelve healthy women, aged 25 to 65 years were studied immediately before elective major gynaecological surgery. Pre-operatively, each patient was examined by one of the investigators: routine haematological and serum biochemical tests, a chest x-ray and electrocardiograph were performed. On the basis of the history and physical examination and ~he result of these investigations, only those patients who showed no evidence of significant cardiovascular or respiratorv disease, anaemia (haemoglobin less than 12 g/1 00 ml), or obesity were included in the study. Informed consent was obtained after careful explanation of the procedures, particularly of those involving cannulation of the brachial artery and the right atrium. The patients were al10cated randomlv to two groups: Group A, who were to receive an epidural anaesthetic prior to general anaesthesia, or Group B in whom the epidural wa<; to be instituted after the commencement of general anaesthesia. Each patient was premedicated with oapaveretum and hyoscine, given by the intramuscular route on~ hour prior to rommencement of the studv. Patients weighing less than 65 kg: received 10 mg of papaveretum and 0.2 m!! of hyoscine, while those weighing more than 65 kg received 15 mg of papaveretum and 0.3 mg of hyoscine. Each patient was brought to the anaesthetic room two hours before surgery was scheduled to commence. Under local anaesthesia an 18 g teflon cannula (Longdwel, Becton-Dickinson Inc.) was inserted percutaneously into the brachial artery and a central venous catheter (Drum Cartridge, Abbott Laboratories) was advanced from an antecubital vein and positioned in the right atrium; confirmation of position of the catheter tip was performed by observation of the pressure wave form. Precordial ECG electrodes were attached in the CM5 configuration. Patients were placed in the left lateral position, a 16 g Tuohy needle was introduced into the epidural space at L~_4 and a Portex catheter was inserted in a cephalad direction so that approximately 5 cm of the catheter was in the epidural space. Minimal amounts of heparin-saline flush were infused through the arterial line and venous catheter to maintain patency (10 mI!hr). No other parenteral fluids were administered in order not to obscure any of the cardiovascular changes under study.
Haemodynamic and blood gas measurement techniques
Arterial and right atrial pressures were measured with calibrated strain gauge pressure transducers (Statham P37). The pressure signals were amplified and displayed on a four-channel oscilloscope (Hewlett-Packard) together with the electrocardiogram and recorded continuously on an appropriately calibrated four-channel recorder (Mingograph 34, Stockholm) . Cardiac output was measured by the indicator dilution technique using indocyanine green by means of a Waters X302 densitometer/amplifier. Arterial and mixed venous blood gases and acid b%e status were measured using standard electrodes (E5046 for oxygen, ES036 for rarbon dioxide and 297 for pH, Radiometer, Conenhagen). Corrections for elapsed time, patient temperature and oH were applied according to the tables of Kelman and Nunn (1966) . Inspired oxygen concentration was measured with a calibrated paramagnetic oxygen analvzer (Servomex Controls, Crowborough, UK.). (Table 1 ) Once the intravascular catheters and the epidural catheter had been inserted, patients were allowed to Settle undisturbed for twenty Allae'lthe,\"ia mui TnteIHil'C> etlre, Fal. VIT, No. 3. August, 1979 minutes. Baseline haemodynamic and blood gas estimations were then performed (Stage 1). One of the two anaesthetic sequences was then begun. Patients breathed room air in those stages of the study during which they were not under general anaesthesia.
General anapsthesia and epidural block seollences

Group A (General Anaesthesia First)
These patients received a sleep dose of 2.5% sodium thiopentone (mean dose 3 mg/kg), the larynx was sprayed with 4 % lignocaine solution (120 mg) and intubation was facilitated with suxamethonium (1 mg/kg). Anaesthesia was then maintained throughout the study with N 2 0/0 2 administered via a Magill circuit at a fresh gas flow rate of five litres per minute. The mean F}Oz was 0.21. After twenty minutes of stable anaesthesia a further set of haemodynamic and blood gas estimations was performed (Stage 2). Each patient was then placed in a 10° head down tilt position for five minutes and the estimations were repeated (Stage 3). They were then returned to the horizontal position and 1.5 % lignocaine solution was injected through the epidural catheter. Dosage was calculated on the basis of height and age (Bromage 1962) . After twenty minutes all measurements were repeated (Stage 4). Each patient was again placed in a 10° head down position for five minutes and measurements were performed again (Stage 5).
Following these measurements patients were returned to the horizontal position for ten minutes. Haemodynamic and blood gas measurements were performed five minutes after the intravenous administration of atropine 0.6 mg (Stage 6).
Group B (Epidural First)
These patients received 1.5 % lignocaine solution through the epidural catheter and dosage was calculated as for Group A. Level of sensory blockade to pin prick was assessed after twenty minutes and haemodynamic and blood gas measurements were performed (Stage 2). Each patient was then tilted 10° head down for five minutes and measurements were repeated (Stage 3). After the patient had been returned to the horizontal position, general anaesthesia was induced as for Group A patients. A period of twenty minutes was allowed to elapse after induction of anaesthesia in order to permit stabilization and then measurements were taken (Stage 4). The patient was tilted 10° head down for five minutes and measurements were again performed (Stage 5). Following these measurements patients were returned to ~he horizontal position for ten minutes. Haemodynamic and blood gas measurements were performed five minutes after the intravenous administration of atropine 0.6 mg (Stage 6). 
= conversion factor to dyn sec cm~5
Where SAP is systolic arterial pressure, MAP is mean arterial pressure, DAP is diastolic arterial pressure, RAP is right atrial pressure.
Normalization of SV and cardiac output to 70 kg body weight was performed by multiplying the measured value by 70 and dividing by the patient's weight in kg. 
Group A&B -Cardiac output was calculated using the trapezoidal rule and extrapolation of the exponential decay according to the method of Kelman (l966a) . A Wang series 370 digital computer was employed to calculate output and derived haemodynamic and blood gas variables.
Haemoglobin saturation and blood oxygen content were derived from the formulae representing the haemoglobin dissociation curve (Severinghaus 1966 ) using a computer subroutine (Kelman 1966b) . A combining capacity of haemoglobin for oxygen of 1.34 ml O~/g Hb was used (Foex et al. 1970) . sensory segmental blockade tested by pin prick in Group B was T6 (S.D. = ± 2 segments).
It was not possible to determine a sensory level in Group A patients as they were under general anaesthesia.
Haemodynamic values for each stage are summarized in Table 3 and Figure 1 .
The only significant changes were those resulting from general anaesthesia combined with epidural blockade (Stage 4); SAP, DAP and MAP were reduced in comparison to awake control values (Stage 1) or values of either procedure by itself (Stage 2). Mean arterial pressure (MAP) fell slightly when general anaesthesia was induced (-9 %, NS) and was further reduced when epidural block was established so that the final MAP was significantly reduced compared to Stage 1 (-22%, p < 0.001). Cardiac output, heart rate, stroke volume and systemic vascuiar resistance were reduced by minor and non-significant amounts at Stages 2 and 4 when compared to control values.
Group B (Epidural First)
Group B patients displayed a different pattern of haemodynamic response. MAP was reduced by 20% (p < 0.01) from awake value when epidural block was established and there was a further reduction to 35 % below control (p < 0.001) when general anaesthesia was induced. These changes were accompanied by significant reductions in systemic vascular resistance (SVR). Cardiac output was reduced to a lower absolute level at the end of the Group B sequence than it was in Group A but the differences were not statistically significant.
There were no significant changes in right atrial pressure in either group at any stage.
Comparison of all variables between the Group A and Group B patients at each measurement stage showed that the only significant difference was a higher SVR in Group B patients in the awake control stage. Table 4 shows the pooled results in all patients, Group A and B combined. At Stage 4 (general anaesthesia and epidural block in all patients) there were decreases from awake values in SAP (-29%, p < 0.001), MAP (-16%, p < 0.001) and DAP (-27%, p < 0.01), systemic vascular resistance (-17 %, p < 0.001) and cardiac output (-15%, p < 0.01) while heart rate remained the same.
Pooled data for epidural plus general anaesthesia
There was a 13 % decrease in stroke volume (NS).
The Effects of Head Down Tilt
Ten minutes after patients had been placed in a 10° head down (Trendelenburg) position (Stage 5) the only variable which was altered significantly from those measured in the horizontal position (Stage 4) was stroke volume which increased 16% (p < 0.05).
Cardiac output rose by 14% but this was not statistically significant. Right atrial pressure /ellsit'e Care, Vol. VII, No. 3, August, 1979 remained unaltered and there were minimal alterations in heart rate and arterial blood pressures (Table 4 ). Head down tilt resulted in no significant changes in the presence of general anaesthesia or epidural block alone (Stage 3).
The Effects of Atropine
After intravenous atropine (Stage 6) there were increases in heart rate (84 %, p < 0.01), arterial blood pressure (SAP 37%, P < 0.001; DAP 33%, P < 0.001; MAP 37%, P < 0.001) and cardiac output (70%, P < 0.001) while stroke volume was reduced by 17 % (NS) and systemic vascular resistance was reduced by 29% (p < 0.001).
Blood gases and oxygen transport
Arterial blood gas tension and acid-base state remained within normal limits in all patients at all stages (Table 5 ). The lowest Pa02 and pHa levels and the highest PaCO!! levels were observed during combined epidural and general anaesthesia (Stage 4), the sequence of anaesthetic techniques making little difference. Oxygen flux (transport) was decreased below awake control values during general anaesthesia alone and during epidural plus general anaes~hesia (Stage 4). Values during Stage 4 were similar in both groups irrespective of the anaesthetic sequence. Oxygen consumption was not significantly changed, although there was a tendency to decrease in both Groups A and B at Stage 4.
Values for oxygen consumption must be regarded in the light of the fact that "mixed venous" samples were taken from the right atrium. Although these may not represent true mixed venous blood, we consider the changes observed were at least direction ally correct and that pulmonary artery catheterization was not justified in this study.
DISCUSSION
Few studies have examined the combined effect of light general anaesthesia and epidural blockade on cardiovascular function (Stephen et al. 1969 , Scott et al. 1977 or respiratory function (Morgan et al. 1975 , Hollmen et at. 1971 . In contrast there are numerous studies of cardiovascular function following epidural blockade alone (e.g., Bonica et al. 1970 , 1972 , Stanton-Hicks et al. 1973 .
As it has recently been reported that there is a similar incidence of visceral pain during abdominal surgery under epidural block irrespective of drug, dosage, concentration or level of blockade (Bridenbaugh et al. 1974) , this lends support to the practice of combining light general anaesthesia with epidural block if the latter is used for abdominal surgery.
This study appears to be the first to examine the effect of the order in which epidural block and general anaesthesia are combined. It endeavours to determine which technique should precede the other in order that the least possible disturbance of cardiovascular function should result. Although it is often more pleasant for patients to have the epidural block performed during anaesthesia, it poses the potential problem of care of the patient while the epidural block is performed. The alternative sequence of epidural block prior to induction of anaesthesia may be more practicable if only one anaesthetist is available. However, it has been postulated that patients who have central neural blockade (e.g., spinal or epidural) instituted prior to or following general anaesthesia may develop dangerous depression of cardiovascular function (Greene 1969) . The present study indicates no significant differences between the two sequences with regard to heart rate, blood pressure, cardiac output, stroke volume or systemic vascular resistance (Tables 3 and 4, Figure 1 ). Blood gas and derived oxygen transport values also were not significantly different after either sequence (Table 5 ).
Since patients in Group A had a mean sensory level of Tc it is likely that the cardiovascular effects of epidural block were predominantly due to sympathetic blockade in the lower limbs. It is possible that absorption of lignocaine from the epidural space and trachea contributed to the above; however, in the absence of adrenaline to slow absorption, blood levels of lignocaine would be expected to be low at the time of haemodynamic measurements in Stage 4 (Murphy et al. 1976 ). Following general anaesthesia and epidural block to level T 6 the changes in MAP (-16 % ), SVR (-17%) and cardiac output (-15%) were similar to those reported by Bonica et al. (1970) for epidural block alone in the absence of fluid loading.
It should be noted that patients in the present study were not given intravenous fluids during the study period. It is possible that 'volume loading' with intravenous fluid prior to anaesthesia may have resulted in even smaller changes in cardiovascular function following combined epidural and general anaesthesia in a manner similar to that reported for "volume loading" prior to epidural block alone (Wollman and Marx 1968) .
The results of this study indicate that the concern which has been expressed regarding the safety of the epidural! general sequence is not justified in healthy patients; however, at present data are not available concerning patients with cardiovascular disease or blood loss. With respect to the latter, epidural block alone causes significantly greater depression of cardiovascular function compared to normovolaemic subjects (Bonica et al. 1972 ) so that it would be prudent to avoid combined epidural block and general anaesthesia in these patients unless blood volume can be restored before anaesthesia.
It is of interest that in the present study a 10° Trendelenburg tilt (a procedure commonly used in the treatment of hypotension) produced no significant alteration in cardiovascular function following epidural blockade except for a small increase in stroke volume. Further studies are required to determine what degree of who!e body tilt, or elevation of the legs alone, IS necessary to produce a significant increase in mean arterial blood pressure from that observed in the horizontal position.
The administration of atropine 0.6 mg intravenously following epidural and general anaesthesia restored mean arterial pressure to awake control values by significantly increasing heart rate and cardiac output. In view of the insignificant haemodynamic effect of 10° head down tilt, atropine appears worthy of clinical consideration, even in the absence of bradycardia, should appropriate amounts of intraveno~s fluid fail to correct hypotension; the effectiveness of the latter as an initial Anaesthesia and [ntells; ,'e Care, Vol. Vll, No. 3, August, 1979 measure has previously been reported (as described above). Coronary arterial perfusion may be compromised in the presence of high heart rates, due to a reduction of the total diastolic period during which the majority of coronary filling occurs. Myocardial oxygen consumption is also elevated by tachycardia. In order to minimise the possibility of reduced myocardial oxygen delivery, it may be prudent to initially use intravenous fluid therapy and then, if necessary, carefully titrate atropine dose to achieve heart rates in the vicinity of 100 beats per minute. This degree of heart rate elevation was associated with favourable cardiovascular changes in the healthy patients in the present study. It must be remembered that patients with severe cardiovascular disease may not tolerate any significant increase in heart rate.
The present study has not examined the added effects of adding adrenaline to the local anaesthetic in the presence of combined general anaesthesia and epidural block. It is possible that, as with epidural block alone, cardiac output would be well maintained; however decreases in mean arterial pressure may be greater than ~hose measured in the present study. Results obtained by other workers tend to be somewhat variable (Scott et al. 1977) . CONCLUSION In healthy women, the sequence of induction of epidural and general anaesthesia showed no significant differences in cardiovascular function between the two groups. Haemodynamic changes with either sequence were minimal and reversible by intravenous atropine.
